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Nanomedicine is the medical application of 
nanotechnology. The approaches to nanomedicine 
range from the medical use of nanomaterials, to 
nanoelectronic biosensors, and even possible future 
applications of molecular nanotechnology. Current 
problems for nanomedicine involve understanding the 
issues related to toxicity and environmental impact of 
nanoscale materials. Nanomedicine research is directly 
funded, with the US National Institutes of Health in 
2005 funding a five-year plan to set up four 
nanomedicine centers. In April 2006, the journal 
Nature Materials estimated that 130 nanotech-based 
drugs and delivery systems were being developed 
worldwide. 
 
Overview 
Nanomedicine seeks to deliver a valuable set of 
research tools and clinically helpful devices in the near 
future. The National Nanotechnology Initiative expects 
new commercial applications in the pharmaceutical 
industry that may include advanced drug delivery 
systems, new therapies, and in vivo imaging. Neuro-
electronic interfaces and other nanoelectronics-based 
sensors are another active goal of research. Further 
down the line, the speculative field of molecular 
nanotechnology believes that cell repair machines 
could revolutionize medicine and the medical field. 
Nanomedicine is a large industry, with nanomedicine 
sales reaching 6.8 billion dollars in 2004, and with over 
200 companies and 38 products worldwide, a minimum 
of 3.8 billion dollars in nanotechnology R&D is being 
invested every year. As the nanomedicine industry 
continues to grow, it is expected have a significant 
impact on the economy. 
 
Medical use of nanomaterials 
Drug delivery 
Nanomedical approaches to drug delivery center on 
developing nanoscale particles or molecules to improve 
the bioavailability of a drug. Bioavailability refers to 
the presence of drug molecules where they are needed 
in the body and where they will do the most good. 
Drug delivery focuses on maximizing bioavailability 
both at specific places in the body and over a period of 
time. This will be achieved by molecular targeting by 
nanoengineered devices.  It is all about targeting the 

molecules and delivering drugs with cell precision. 
Over 65 billion dollars is wasted every year because of 
poor bioavailability. In vivo imaging is another area 
where tools and devices are being developed. Using 
nanoparticle contrast agents, images such as ultrasound 
and MRI have a favorable distribution and improved 
contrast. The new methods of nanoengineered 
materials that are being developed might be effective in 
treating illnesses and diseases such as cancer. What 
nanoscientists will be able to achieve in future is 
beyond current imagination. This will be accomplished 
by self assembled biocompatible nanodevices that will 
detect, evaluate, treat and report to the clinical doctor 
automatically. 
Drug delivery systems, lipid- or polymer-based 
nanoparticles, can be designed to improve the 
pharmacological and therapeutic properties of drugs. 
The strength of drug delivery systems is their ability to 
alter the pharmacokinetics and biodistribution of the 
drug. Nanoparticles have unusual properties that can be 
used to improve drug delivery. Where larger particles 
would have been cleared from the body, cells take up 
these nanoparticles because of their size. Complex drug 
delivery mechanisms are being developed, including 
the ability to get drugs through cell membranes and 
into cell cytoplasm. Efficiency is important because 
many diseases depend upon processes within the cell 
and can only be impeded by drugs that make their way 
into the cell. Triggered response is one way for drug 
molecules to be used more efficiently. Drugs are placed 
in the body and only activate on encountering a 
particular signal. For example, a drug with poor 
solubility will be replaced by a drug delivery system 
where both hydrophilic and hydrophobic environments 
exist, improving the solubility. Also, a drug may cause 
tissue damage, but with drug delivery, regulated drug 
release can eliminate the problem. If a drug is cleared 
too quickly from the body, this could force a patient to 
use high doses, but with drug delivery systems 
clearance can be reduced by altering the 
pharmacokinetics of the drug. Poor biodistribution is a 
problem that can affect normal tissues through 
widespread distribution, but the particulates from drug 
delivery systems lower the volume of distribution and 
reduce the effect on non-target tissue. Potential 
nanodrugs will work by very specific and well-
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understood mechanisms, one of the major impacts of 
nanotechnology and nanoscience will be in leading 
development of completely new drugs with more 
useful behavior and less side effects. 

  
A schematic illustration showing how nanoparticles or 
other cancer drugs might be used to treat cancer. 
 
Caner 
 
Nanoparticles of cadmium selenide (quantum dots) 
glow when exposed to ultraviolet light. When injected, 
they seep into cancer tumors. The surgeon can see the 
glowing tumor, and use it as a guide for more accurate 
tumor removal. Sensor test chips containing thousands 
of nanowires, able to detect proteins and other 
biomarkers left behind by cancer cells, could enable the 
detection and diagnosis of cancer in the early stages 
from a few drops of a patient's blood. 
Researchers at Rice University under Prof. Jennifer 
West, have demonstrated the use of 120 nm diameter 
nanoshells coated with gold to kill cancer tumors in 
mice. The nanoshells can be targeted to bond to 
cancerous cells by conjugating antibodies or peptides 
to the nanoshell surface. By irradiating the area of the 
tumor with an infrared laser, which passes through 
flesh without heating it, the gold is heated sufficiently 
to cause death to the cancer cells. 
One scientist, University of Michigan’s James Baker, 
believes he has discovered a highly efficient and 
successful way of delivering cancer-treatment drugs 
that is less harmful to the surrounding body. Baker has 
developed a nanotechnology that can locate and then 
eliminate cancerous cells. He looks at a molecule 
called a dendrimer. This molecule has over a hundred 
hooks on it that allow it to attach to cells in the body 
for a variety of purposes. Baker then attaches folic-acid 
to a few of the hooks (folic-acid, being a vitamin, is 

received by cells in the body). Cancer cells have more 
vitamin receptors than normal cells, so Baker's 
vitamin-laden dendrimer will be absorbed by the 
cancer cell. To the rest of the hooks on the dendrimer, 
Baker places anti-cancer drugs that will be absorbed 
with the dendrimer into the cancer cell, thereby 
delivering the cancer drug to the cancer cell and 
nowhere else. 
In photodynamic therapy, a particle is placed within the 
body and is illuminated with light from the outside. 
The light gets absorbed by the particle and if the 
particle is metal, energy from the light will heat the 
particle and surrounding tissue. Light may also be used 
to produce high energy oxygen molecules which will 
chemically react with and destroy most organic 
molecules that are next to them (like tumors). This 
therapy is appealing for many reasons. It does not leave 
a “toxic trail” of reactive molecules throughout the 
body (chemotherapy) because it is directed where only 
the light is shined and the particles exist. Photodynamic 
therapy has potential for a noninvasive procedure for 
dealing with diseases, growths, and tumors. 
 
Surgery 
At Rice University, a flesh welder is used to fuse two 
pieces of chicken meat into a single piece. The two 
pieces of chicken are placed together touching. A 
greenish liquid containing gold-coated nanoshells is 
dribbled along the seam. An infrared laser is traced 
along the seam, causing the two sides to weld together. 
This could solve the difficulties and blood leaks caused 
when the surgeon tries to restitch the arteries he/she has 
cut during a kidney or heart transplant. The flesh 
welder could meld the artery into a perfect seal. 
 
Visualization 
Tracking movement can help determine how well 
drugs are being distributed or how substances are 
metabolized. It is difficult to track a small group of 
cells throughout the body so scientists used to dye the 
cells. These dyes needed to be excited by light of a 
certain wavelength in order for them to light up. While 
different color dyes absorb different frequencies of 
light, there was a need for as many light sources as 
cells. A way around this problem is with luminescent 
tags. These tags are quantum dots attached to proteins 
that penetrate cell walls. The dots can be random in 
size, can be made of bio-inert material, and they 
demonstrate the nanoscale property that color is size-
dependent. As a result, sizes are selected so that the 
frequency of light used to make a group of quantum 
dots fluoresce is an even multiple of the frequency 
required to make another group incandesce. Then both 
groups can be lit with a single light source. 
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